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VARIABLE DOWNHOLE CHOKE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application Serial No. 
60/140,879 filed June 24, 1999, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to oil field tools. More particularly, the invention relates 
to downhole tools providing variable choking capability. 

Prior Art 

Oil wells can be productive to the point of over productiveness when the flow 
is not controlled downhole. Oil and gas in underground/under sea reservoirs are at 
extremely high pressure and can be all too willing to be expressed from these 
reservoirs. As one of skill in the art is painfully aware, this condition is hazardous 
and must avoided. 

In order to prevent the outflow of oil or gas at a rate greater than can be 
accommodated at the surface and to control production of unwanted fluids, many 
systems have traditionally been employed. One of the tools that is used both to 
control the rate of expulsion of hydrocarbons from the reservoir and in some cases to 
limit the penetration into the well of undesired fluids is a choke. Chokes 
conventionally employ inner and outer sleeves having alignable and misalignable 
ports that are of the same size and shape. In these systems the degree of alignment of 
ports regulates the speed of the flow, thus how choked the system is. A drawback of 
such system is that erosion characteristics tend to make the system cost prohibitive. 

SUMMARY OF THE INVENTION 

A variable choke as disclosed herein employs, in the broadest sense, a choke 
housing and choke insert which are variably positionable relative to one another to 
align and misalign, to varying degrees, sets of ports in the housing and insert. 
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Specially shaped and oriented ports provide for pressure equalization and choking 
capabilities while minimizing erosion of the components of the choke. In particular, a 
preferred port shape comprises a port and a subport depending therefrom. The 
subport is of smaller area than the port and preferably is elongated. An elongated 
subport reduces erosion of the subport itself when subject to flowing fluid because of 
fluid dynamics which cause the stream to become thinner than the actual dimension of 
the subport. Thus while fluid passes through the subport at high velocity the shape of 
the subport and its construction from an erosion resistant material, help to minimize 
erosion. 

A further feature of the choke is that a seal stack is not subject directly to 
flowing fluid thus providing a longer life. 

Finally, with respect to pressure equalization, the choke is resistant to the 
deleterious effects of equalization of a large pressure differential by incorporating at 
least one and preferably two diffuser rings to restrict flow and introduce turbulence 
which reduces flow velocity. These cooperate to allow the choke to effectively 
equalize a pressure differential. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings wherein like elements are numbered alike in 
the several FIGURES: 

FIGURE 1 is a quarter section view of a variable choke embodiment as 
disclosed herein in a closed position; 

FIGURE 2 is a quarter section view of the choke embodiment of FIGURE 1 in 
an initial equalizing position; 

FIGURE 3 is a quarter section view of the choke embodiment of FIGURE 1 in 
a fully equalizing position; 

FIGURE 4 is a quarter section view of the choke embodiment of FIGURE 1 in 
a fully choked position; 

FIGURE 5 is a quarter section view of the choke embodiment of FIGURE 1 in 
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a partially choked position; 

FIGURE 6 is a quarter section view of the choke embodiment of FIGURE 1 in 
a fully open position; 

FIGURE 7 is a longitudinal cross-sectional view of a choke housing; 

FIGURE 8 is a longitudinal cross-sectional view of a housing sleeve; 

FIGURE 9 is a cross-sectional view of the housing sleeve of FIGURE 8 taken 
along section line 9-9 in FIGURE 8; 

FIGURE 10 is a longitudinal cross-section of a first diffuser ring; 

FIGURE 1 1 is a longitudinal cross-section of a second diffuser ring; 

FIGURE 12 is a longitudinal cross-section of a lower sub of the variable 

choke; 

FIGURE 13 is a long cross-sectional of a first portion of a choke insert; 
FIGURE 14 is a detail view taken along line 14-14; 

FIGURE 1 5 is a long cross-sectional of an insert sleeve embodiment of the 

choke; 

FIGURE 16 is a cross-sectional view of the sleeve of FIGURE 15 taken along 
section line 16-16; 

FIGURE 17 is an end view of the sleeve of FIGURE 15 taken along line 17- 

17; 

FIGURE 18 is a detail view of the sleeve from FIGURE 17 defined by 
circumscription 18 in FIGURE 17; 

FIGURE 19 is a long cross-sectional view of a second portion of an 
insert embodiment of the choke; and * 

FIGURE 20 is a long cross-sectional of a single piece alternate embodiment of 
the insert of the choke. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the variable choke is illustrated in several different 
operating positions in Figures 1-6. Each of the components are identified while 
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referring to Figure 1 , these components being illustrated in different positions in 
Figures 2-6 to convey the various operating positions of the choke. Individual 
components and alternative components are illustrated and further discussed to the 
extent necessary with reference to Figures 7-20. As will be appreciated by one of 
skill in the art, the left side of a figure is intended to be the uphole side of the device 
with the right side being more downhole. It should be understood however that 
components discussed as downhole or uphole could be reversed with similar results 
providing the concepts of the variable choke are maintained. 

Referring to Figure 1, a choke housing 10 is preferably formed from a durable 
material such as steel. Housing 10 is provided with at least one and preferably a 
plurality of port/subport combinations identified as ports 12 and subports 14. 
Housing 10 and a lower sub 16 are threadable together (or otherwise attached) at 
thread 18 and together house all other components of the variable choke. Housing 10 
as noted is provided with port/subport combinations whose shape is better 
ascertainable in Figure 7. The inventors hereof prefer the complex port/subport 
configuration because of benefits realized with respect to pressure differential control 
and erosion resistance. The housing ports/subports 12, 14 have counterpart 
port/subport combinations on a choke insert described more fully hereunder. 

Still referring to Figures 1 and 7, housing 10 preferably is milled to 
include a larger I.D. 20 on part of the housing to receive an erosion resistant sleeve 
22. Sleeve 22 is illustrated independently in Figures 8 and 9. Sleeve 22 is 
constructible of any erosion resistant material, ceramic or tungsten carbide material 
being preferred. The sleeve 22 may also be constructible of another material and 
coated with an erosion resistant material. Sleeve 22 may be mounted in a number of 
ways (known to the art) in housing 10 such as but not limited to epoxy, shrink fitting, 
press fitting, etc. It should also be appreciated that the housing could be constructed 
of a single piece of material which either is or is coated with an erosion resistant 
material such as ceramic or tungsten carbide. 

Sleeve 22 is not intended to move relative to housing 10 once installed therein 
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and thus has specific port/subport shape and locations to complement the housing 10. 
Ports 24 and subports 26, well shown in Figure 8, are clearly similar in configuration 
to housing ports/subports 12, 14, however it is noted that the overall length of the 
combination, and indeed the length of each port and subport individually is shorter 
than that of housing ports 12 and subports 14. This arrangement protects the metal 
housing from erosion by directing the most erosional flow to impact the sleeve 22 
which as stated preferably comprises an erosion resistant material. 

It is further noted from Figure 8 that sleeve 22 is enlarged in I.D. in the area 
28 corresponding to ports 24. This enhances operation of the variable choke by 
facilitating circumferential flow of fluid. 

Adjacent sleeve 22 in the downhole direction, referring again to Figure 
1 is an annular first diffuser ring 30 preferably constructed of an erosion resistant 
material. In a preferred embodiment, diffuser ring 30 is of a ceramic tungsten carbide 
material. Referring to Figure 10, the LD. of diffuser ring 30 is illustrated to have 
preferably a pair of circumferential grooves 32 therein. Grooves 32 need only be 
shallow grooves in surface 34 of ring 30 to cause turbulence to occur in fluid flowing 
between surface 34 and an insert discussed hereunder. In a preferred embodiment, the 
clearance between surface 34 and the insert is on the order of about a few thousandths 
of an inch. Further, there is a clearance at the O.D. of ring 30 of about a few 
thousandths of an inch. 

Moving downhole from first diffuser ring 30 a second diffuser ring 36 is 
disposed in the same annulus as first diffuser ring 30. It will be noted that the second 
diffuser ring 36, referring to Figure 11, is provided with a groove 38 on its O.D. but 
that its LD. 40 is smooth. It is preferable that I.D. 40 of second diffuser ring 36 is of a 
tolerance with respect to the insert (discussed hereunder) that is tighter than that of 
diffuser ring 30 so that flow of fluid is caused to migrate radially between first ring 30 
and second ring 36 and then to travel axiaily again on the O.D. of second ring 36. 
The second diffuser ring 36 slides within the annulus in the direction of fluid flow to 
help further restrict flow as it contacts an adjacent part (production-spacer; injection- 
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first diffuser ring). This is a tortuous path for the fluid and creates additional 
turbulence while reducing velocity further. 

Referring again to Figure 1, first diffuser ring 30 and second diffuser ring 36 
are located in housing 10 by spacer 42 which includes an annular flange 44 received 
in a recess 46 formed by the convergence of downhole end 48 of housing 10 and 
shoulder 50 of lower sub 16. Upon assembly of housing 10 and lower sub 16 with the 
above discussed components therein, movement of spacer 42 is restricted by annular 
flange 44 which assists in retaining first ring 30 and second ring 36. 

A secondary function of spacer 42 is to provide a stop for seal stack 52. Seal 
stack 52 is preferably a non-elastomeric chevron seal stack although other seal types 
are possible, as known to the art. Seal stack 52 is located in lower sub 16 in recess 54 
therein which is illustrated in Figures 1 and 12. 

Radially inwardly of all components thus far discussed is a choke insert which 
can be in multiple components or a single component as desired. 

Referring to Figures 1,13 and 14, a first portion of one embodiment of an 
insert is illustrated. The first portion 60 of the insert is preferably formed of metal 
and includes ports 62 and subports 64 which are similar in configuration to sleeve 22 
ports 24/subports 26 but are oriented oppositely such that upon movement of the 
insert axially to converge the ports/subports of housing and insert, the subports 64 
will communicate with subports 26 first. Other features of first portion 60 are 
appreciated from Figure 14. More specifically, Figure 14 is a detail view of a 
downhole end 66 of portion 60. Figure 14 illustrates areas 68 that have a larger O.D. 
and area 70 having a smaller O.D. Area 70 is provided to allow more epoxy to act on 
the surface of portion 60 and an erosion resistant insert sleeve 74 to better retain that 
sleeve. At the downhole end 66 of portion 60, preferably a thread 69 is located. 
Finally portion 60 includes pin receptacle 72 to receive a pin, (not shown) which 
locates the insert sleeve 74 (Figures 1, 15-18) on portion 60 and prevents rotation 
thereon. 

Insert sleeve 74 includes port 76/subport 78 combinations to substantially 
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match first portion 60 ports 62/subports 64 and is configured to fit over portion 60 to 
be secured thereto as above noted. It is important to note that in a preferred 
embodiment, the insert sleeve ports 76/subports 78 are the same shape as the ports 
62/subports 64 in the first portion 60, similar to the housing sleeve 22, to protect the 
portion 60 from erosion. Insert sleeve 74 is an erosion resistant material, preferably a 
ceramic tungsten carbide material, and further includes recess 80 (Figures 15 and 18) 
to receive a pin (not shown) preventing rotation relative to the first portion 60. 
Recess 80 receives the same pin that communicates with pin receptacle 72. 

Referring to Figures 1 and 19, a second portion 90 of the insert is illustrated. 
The second portion 90 includes preferably a thread 92 to communicate with thread 69 
to bind first portion 60 with second portion 90 thereby axially retaining choke insert 
sleeve 74. 

Referring to Figure 20 it is important to note that the choke insert can also be 
constructed in a single piece and be coated with an erosion resistant material. A 
perusal of the figure in connection with the foregoing will provide one of ordinary 
skill an understanding of the embodiment. 

Moving back to focus on operation of the tool and referring to Figures 1-6, 
Figure 1 illustrates the tool in the closed position with ports 62/subports 64 and ports 
76/subports 78 fully sealed off to fluid flow by seal stack 52. Moving to Figure 2, the 
pressure equalization process is initiated by shifting of the insert, referred to at this 
point as 100 for simplicity, one of ordinary skill in the art being expected to realize 
that 100 is made of up first portion 60, second portion 90 and insert sleeve 74 or a 
single piece as in Figure 20, until subports 64, 78 are just uphole of seal stack 52. 
Fluid from the annul us will move through the tortuous path around the first and 
second difiuser rings 30, 36 and along spacer 42 to access subports 64, 78. The 
reverse is true for an injection situation. This is an initial equalizing position. 

Referring to Figure 3, the ports 62, 76 and subports 64, 78 have been shifted to 
be entirely out from under seal stack 52 which is the full equalizing position. More 
fluid can pass in this position because the fluid need pass through less of the tortuous 
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path of the diffuser rings 30, 36 and spacer 42. 

In Figure 4 the device is illustrated in the fully choked position where subports 
64, 78 have not yet overlapped subports 14, 26 but are positioned closely thereto. 

In Figure 5 the device is illustrated in the partially choked position where there 
is some overlap of subports 64, 78 and subports 14, 26. Fluid can move rapidly 
through the subports and the erosion resistant character of the material thereof is 
important. 

In Figure 6 the tool is in its fully open position where the ports 62, 76 are 
aligned with ports 12, 24. It will be noted in this view that the ceramic tungsten 
carbide portions extend into the ports/subports more than the metal areas to reduce 
erosion. 

While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the spirit 
and scope of the invention. Accordingly, it is to be understood that the present 
invention has been described by way of illustration and not limitation. 

What is claimed: 
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CLAIM 1. A variable downhole choke comprising: 

a choke insert having at least one choke insert port and choke insert 
subport forming a port/subport combination wherein the choke insert subport depends 
from the choke insert port; and 
5 a choke housing having at least one choke housing port and housing 

subport forming a port/subport combination wherein the housing subport depends 
from the housing port and wherein the choke insert port/subport combination orients 
the choke insert subport toward the housing subport of the housing port/subport 
combination such that upon relative movement of the choke housing and choke insert, 
10 the choke housing subport and choke insert subport align prior to the choke housing 
port and choke insert port. 

CLAIM 2. A variable downhole choke as claimed in Claim 1 wherein said choke 
housing includes at least one erosion resistant port/subport combination sleeve. 

CLAIM 3. A variable downhole choke as claimed in Claim 2 wherein said at least 
one sleeve is ceramic. 

CLAIM 4. A variable downhole choke as claimed in Claim 2 wherein said at least 
one sleeve is tungsten carbide. 

CLAIM 5. A variable downhole choke as claimed in Claim 1 wherein said choke 
insert includes an erosion resistant insert sleeve. 

CLAIM 6. A variable downhole choke as claimed in Claim 5 wherein said insert 
sleeve is ceramic. 
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CLAIM 7. A variable downhole choke as claimed in Claim 5 wherein said 

insert sleeve is tungsten carbide. 

CLAIM 8. A variable downhole choke as claimed in Claim 1 wherein said choke 
insert includes an erosion resistant material. 

CLAIM 9. A variable downhole choke as claimed in Claim 8 wherein said erosion 
resistant material is ceramic. 

CLAIM 10. A variable downhole choke as claimed in Claim 8 wherein said erosion 
resistant material is tungsten carbide. 

CLAIM 11. A variable downhole choke as claimed in Claim 1 wherein said at least 
one subport on each of said choke housing and said choke insert are of a shape 
selected to reduce erosion thereof. 

CLAIM 12. A variable downhole choke as claimed in Claim 1 wherein said choke 
includes at least one diffuser ring positioned to reduce high velocity fluid flow. 

CLAIM 13. A variable downhole choke as claimed in Claim 12 wherein said at 
least one diffuser ring includes at least one groove on an LD. thereof. 

CLAIM 14. A variable downhole choke as claimed in Claim 12 wherein said at 
least one diffuser ring is constructed of an erosion resistant material. 

CLAIM 15. A variable downhole choke as claimed in Claim 14 wherein said 
material is ceramic. 
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CLAIM 16. A variable downhole choke comprising: 

a choke housing having at least one port and at least one subport 
depending from said port; 

an erosion resistant sleeve disposed within said housing and having a 
port and subport configuration substantially matching said housing; 

a choke insert slideably disposed within said choke housing and having 
at least one choke insert port and at least one insert subport depending from said 
choke insert port, said choke insert subport being located relative to said choke insert 
port to, upon axial movement of said choke insert resulting in converging movement 
of said choke housing port and said choke insert port, ensure alignment of said choke 
insert subport with said choke housing subport prior to alignment of said choke insert 
port with said choke housing port. 

CLAIM 17. A variable downhole choke as claimed in Claim 16 wherein said choke 
insert comprises a single piece erosion resistant construction. 

CLAIM 18. A variable downhole choke as claimed in Claim 16 wherein said 
choke insert comprises: 

a first portion; 

a second portion attachable to said first portion; and 
an erosion resistant sleeve sandwichable between said first portion and 
said second portion. 

CLAIM 19. A variable downhole choke as claimed in Claim 16 wherein said choke 
further includes at least one diffuser ring. 
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CLAIM 20. A variable downhole choke as claimed in Claim 16 wherein 

5 said choke insert comprises: 

a first portion having larger diameter section and a smaller diameter 

section; and 

an erosion resistant sleeve disposable upon said smaller diameter 

section. 

10 

CLAIM 21. A variable downhole choke as claimed in Claim 1 wherein said insert 
comprises a single piece of erosion resistant material. 

CLAIM 22. A variable downhole choke as claimed in Claim 1 wherein said choke 
insert comprises: 

a first portion; 

a second portion attachable to said first portion; and 
5 an erosion resistant sleeve sandwichable between said first portion and 

said second portion. 

CLAIM 23. A variable downhole choke as claimed in Claim 1 wherein said choke 
further includes at least one diffuser ring. 

CLAIM 24. A variable downhole choke as claimed in Claim 1 wherein said choke 
insert comprises: 

a first portion having larger diameter section and a smaller diameter 

5 section; and 

an erosion resistant sleeve disposable upon said smaller diameter 

section. 



WO 00/79094 



1/7 



PCT/US00/17433 




WO 00/79094 




PCT/US00/17433 




SUBSTITUTE SHEET (RULE 26) 



WO 00/79094 PCT/US00/17433 

3/7 




SUBSTITUTE SHEET (RULE 2$ 




SUBSTITUTE SHEET (RULE 26) 



PCT/US00/17433 

5/7 




SUBSinUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



INTERK <10NAL SEARCH REPORT 



Interr nal Application No 

PCT/US 00/17433 



A- CLASSIFICATION OF SUBJECT MATTER 

IPC 7 E21B34/06 E21B43/12 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 E21B 



Documentation searched other than minimum documentation to the extent that such documents are included in rhe fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



WO 99 05387 A (PETROLEUM ENGINEERING 
SERVICES INC. ) 

4 February 1999 (1999-02-04) 

page 24, line 31 -page 25, line 11 

page 27, line 28 -page 28, line 13 

EP 0 893 574 A (HALLIBURTON ENERGY 
SERVICES INC. ) 

27 January 1999 (1999-01-27) 
abstract 



1,16 



1,16 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

*E* earlier document but published on or after the international 
fifing date 

"L" document which may throw doubts on priority claim's) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent famfly 



Date of the actual completion of the international search 



16 October 2000 



Date of mailing of the international search report 



23/10/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patent! a an 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 34O-2040. Tx. 31 651 epo nJ. 
Fax: (+31-70) 34O-3016 



Authorized officer 



Rampelmann, K 



Form PCT/1SA/210 (second sheet) (July 1992) 



INTERIM TIONAL SEARCH REPORT 



Inter mat Application No 

PCT/US 00/17433 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 




date 


WO 9905387 


A 


04-02-1999 


US 


5979558 


A 


09-11-1999 








AU 


8548998 


A 


16-02-1999 








EP 


0998619 


A 


10-05-2000 








NO 


20000277 


A 


17-03-2000 


EP 893574 


A 


27-01-1999 


US 


5957207 


A 


28-09-1999 








AU 


7616098 


A 


28-01-1999 








BR 


9802729 


A 


09-11-1999 








NO 


983339 


A 


22-01-1999 








US 


6082458 


A 


04-07-2000 



k 



Form PCT/ISAV210 (patent family annex) (July 1992) 



